Radon 


You and Your Family — 
A Personal Perspective 


31761 11556541 8 


MU 


Canada 


Published by authority of the Minister of National 
Health and Welfare 
1989 


Health Protection Branch 
Environmental Health Directorate 


© Minister of Supply and Services Canada 1989 
Cat. No. H49-39/1989 
ISBN 0-662-56840-0 


Radon 


Always measurable in the earth’s atmos- 
phere, radon contributes to the general 
background radiation that humans are 
exposed to every day. Concern has arisen 
in the past few years, however, that 

the concentrations of radon found in 
Canadian homes were in some cases 
unexpectedly high. 


In this light, public authorities have been 
investigating the circumstances surround- 
ing radon’s occurrence in homes and 
other enclosed structures. These efforts 
have resulted in the development of 
various detection methods, and remedies 
that can be applied to the situation. 


As well, the Department of National 
Health and Welfare in conjunction with 
the provinces has developed guidelines to 
indicate when remedial action is neces- 
sary. This brochure discusses these guide- 
lines, the risks of exposure to radon, and 
when and how to test for it. A final sec- 
tion provides advice on remedial action. 


What Is Radon? And How Is It 
Dangerous? 


Radon is a product of the radioactive 
decay of uranium, a natural and com- 
mon constituent of the earth’s crust. 
Uranium is a thousand times more com- 
mon than gold, and its decay products, 
including radon, are found in a variety 
of rocks and soils, distributed all over 
the world. 


Radon is a colourless, odourless gas that 
is heavier than air. First identified as an 
element in the year 1900, it is one of a 
series of gases (the others are helium, 
neon, argon, and krypton) called the 
noble gases. They are called noble as 
they are chemically inert and do not 
react with other substances. 


Although radon is not chemically reac- 
tive, it is physically unstable. It decays 
to form other elements, known as radon 
progeny or radon daughters, that are 
radioactive. Once inside the lung, radon 
progeny release energetic alpha particles. 
Alpha particles can kill cells or damage 
the Deoxyribonucleic acid (DNA) within 
the cells. If the DNA is damaged, the 
abnormal cell may reproduce and may 
result in a cancer. 


All cancers caused by radioactivity are 
started by a chance, or random, process. 
This means that any concentration of 
radon in air can cause lung cancer. 

The probability of getting lung cancer 
depends directly on the radon concentra- 
tion; that is, the higher the concentra- 
tion, the greater the probability. 


Radon and Smoking 


It is not possible to tell whether radon, 
smoking, or some other agent has caused 
a lung cancer, as the cancer itself carries 
no label. It is known that lung cancer 
was a rare disease before people started 
to smoke and we also know that uranium 
miners (many of whom are also smokers) 
contract lung cancer when exposed to 
high levels of radon progeny in the mines 
Over an extended period of time. Recent 
evidence, based on comparing the rate 

of cancer in smoking and non-smoking 
uranium miners, indicates that the effect 
of smoking interacts with the effect of 
radon and seems to promote the earlier 
development of lung cancers that may 
have been started by radon. 


Units Used to Describe the 
Concentration of Radon 


The unit for describing the concentration 
of radon in all countries except the 
United States of America is the becquerel 
per cubic metre of air, shortened to 
Bq/m3. A becquerel is defined as one 
disintegration per second and is the 
Systeme International (SI) unit replacing 
the curie, a unit based on the activity of 
one gram of radium. A comparison of 
these units is shown in the box below. 
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or 7 : 
150 Ba/m? = 4 pCi/l = 0. 02 WL 


800 Bq/m? = 20 Do 0. 1 WL 
Tcubic - 
metre (m3) = 1000 litres o- 


The conversion from radon ts bdo 


‘progeny assumes an n equilibrium factor 
ete — — 


Readers may have also heard of a Work- 
ing Level (WL) or Working Level Month 
(WLM); units which are used for the 
decay products of radon. To simplify this 
document, only radon concentration 
units are employed and are the equivalent 
of the units used for the radon decay 
products. 


Guideline for Radon 


The Department of National Health and 
Welfare’s radon guideline, shown in the 
box below, recommends that remedial 
measures be taken when the annual aver- 
age concentration in the living area of a 
house exceeds 800 becquerels per cubic 
metre of air (Bq/m?). This level was cho- 
sen as we know that the risk at this level, 
including the uncertainties of this risk, 

is significant for occupants of houses. 
Home-owners should also recognize that 
there is a risk at any level of radon expo- 
sure and as a consequence they may wish 
to reduce the concentration of radon to a 
level that is as low as practical. 


Guideline for Radon in Canada 

It is recommended that remedial meas- 
ures be taken where the level of radon 
in a home is found to exceed 800 Bq/ 
m? as the annual average concentration 
in the normal living area. Because 
there is some risk at any level of radon 
exposure, home-owners may wish 

to reduce levels of radon as low as 
practicable. 


Approved by Federal and Provincial 
Deputy Ministers of Health, December 
1988. 


What Is Known about Radon 
in Homes 


In the open air, the concentrations of 
radon gas and its decay products are 
low. Radon concentrations over land are 
usually less than 10 Bq/m? and less than 
1 Bq/m? over large bodies of water. 
However, levels can build up inside a 
house, or any enclosed space. 


Being a gas, radon can move through the 
minute spaces in the soil and rock on 
which a building sits. It may be sucked 
into the lower levels of a building 
through dirt floors, cracks in concrete 
floors and walls, drains, sumps, or the 
joints and tiny cracks in hollow-block 
walls, because basements are usually at a 
lower pressure than the outside. Radon 
may also enter a building in water when 
the water system is a private or small 
community well and be released into 

the air by water-heating and -agitating 
appliances such as clothes- and dishwash- 
ers, and from showers. Building mate- 
rials may also be a source of radon but 
the amount released is usually much 
smaller than that entering from the soil. 


The average levels of radon in homes 

in measured cities in Canada is from 20 
to 100 Bq/m3. Measurements of radon 

in 14 000 Canadian houses in 19 cities 
undertaken about ten years ago and com- 
pleted in 1980 showed that while some 


cities may have average radon levels dif- 
ferent from other cities, it has not been 
possible to tell in advance what levels to 
expect in any individual house; some 
houses will have elevated levels in cities 
with a low average level and vice versa. 
As a consequence each home-owner has 
to make an individual decision whether 
to test or not. If you are wondering 
whether to test or not, it is recommended 
that you test. Once this decision to test 
has been made, there are several ways to 
proceed. 


When and How to Test for Radon 


A Screening Test 

Many home-owners have said that they 
would prefer a quick measurement of the 
radon in their house rather than a more 
accurate one that would take a long time 
to complete. 


As a result, a graded testing program is 
recommended starting with a screening 
test that can produce a result within a 
few days. The basement is chosen for the 
site of this test as it is the part of the 
house that will have the highest readings. 
If the radon levels are low there, then 
the main part of the house will have a 
lower concentration still. An example of 
a device that can be used for the screen- 
ing test is a gas-absorbing charcoal canis- 
ter which is opened and left exposed for 
a two-day period. The canister is mailed 
back to its supplier for laboratory analy- 
sis and the results are returned to the 
resident. The procedure costs approxi- 
mately $25.00 per test. The supplier will 
suggest where to place the detector; we 
recommend that you do not make any 
changes to the air circulation in the 
basement by closing off or otherwise 
modifying the space being measured. 


This test does not give you a reliable 
measure of the annual average concentra- 
tion in a living area. If the results of the 
first test are ambiguous, you may wish to 
do another short-term test before decid- 
ing to proceed with a confirming test. No 
remedial action is recommended until 
there is a better measure of the annual 
average concentration in the living area. 


The aim of the screening test is to give a 
quick indication of the general degree of 
the problem in a house. If a home-owner 
desires, a long-term integrating dosimeter 
could be used initially, skipping the 
screening test altogether. 


A Confirming Test 

The radon guideline for Canada refers to 
an average annual concentration in the 
living areas of a home. Measurements 
made by National Health and Welfare 
and other researchers have shown that a 
six-month measurement using an integrat- 
ing radon dosimeter will provide a good 
representation of the annual concentra- 
tion. This device should be placed in a 
living area such as a kitchen or bedroom 
or the room which is occupied for the 
longest time each day. The location 
within the room should be such that the 
device will be exposed to the normal air 
circulation (away from doors and open 
windows) but out of the way (on top of 
cupboards or on dressers). A basement is 
considered a living area if it is a self- 
contained apartment, if someone sleeps 
in a basement room or if the occupants 
use one or more basement rooms for 
extended periods during the day. Again, 
we would recommend that you do not 
change the air circulation in the room 
being used for the measurement nor 
otherwise modify the air circulation in 
your house. An example of this longer- 
term measuring device is the alpha track 


detector which is exposed to the air for 
about six months and also costs about 
$25.00. The device is also purchased 
from a supplier and returned at the end 
of the exposure period. The results are 
mailed to the home-owner. 


As Low as Practicable 

As low as practicable is a phrase to give 
some guidance to home-owners and 
relates to the actual remedial measures to 
be considered. A number of inexpensive 
and simple remedial measures are avail- 
able and these should be tried before 
more expensive measures are considered. 
It is left to the home-owner to decide 
what level of radon he or she would like 
to achieve. 


A long-term goal might be to reduce the 
radon concentration in Canadian houses 
to the level measured outdoors. This is 
not practical yet however with today’s 
building technology. 


Post-Mitigation Test 

Another long-term integrating test should 
be undertaken after remedial work has 
been completed to assure the home- 
owner that mitigation has been successful. 


If the initial post-mitigation test shows 
that further work is desireable, the test 
should be repeated when this additional 
work is completed. 


How to Reduce Radon 


The Canada Mortgage and Housing 
Corporation has prepared a number of 
consumer documents on radon in housing 
in their builders’ series. These include 
‘Radon Control in New Houses’’ ($1) 
(NHA 6007 01/89); a manual on mitiga- 
tion for renovation contractors is still 
being prepared. For further information, 
Canada Mortgage and Housing Corpora- 
tion may be contacted at the address and 
telephone number listed at the end of 
this booklet. The Canada Mortgage and 
Housing Corporation has undertaken a 
training program to help both new home 
builders and renovators in radon- 
reduction techniques. 


Reducing radon in a dwelling requires 
an understanding of how it is entering, 
whether it’s drawn in from soil surround- 
ing the basement or, as is less frequently 
the case, via the water supply. It is 
important to note that no two structures 
are alike in terms of radon penetration, 
since house design, atmospheric condi- 
tions and ventilation rates can all affect 
radon entry. Even buildings that are 
situated close together and that look 
similar can have quite different radon 
levels. 


1] 


New Housing 

It is easier and less expensive to reduce 
the possibility of radon entering a home 
while building it, than to embark on 
remedial action after the home has 

been built. The Canada Mortgage and 
Housing Corporation booklet referenced 
earlier can be obtained for advice. 


Renovations 

When taking remedial action on an exist- 
ing dwelling, various techniques can be 
used. These techniques depend on which 
strategy is chosen to reduce the radon 
level. 


These strategies include: 


a) Increasing the ventilation in the lived- 
in parts of a house. 

b) Stopping the entry of radon into a 
house by sealing the entry points. 

c) Diverting the radon in the soil around 
a house to the atmosphere before it 
can enter the house. 

d) Increasing the air pressure in a house 
so that radon cannot be drawn in. 


We have had experience with all these 
techniques in Canada. We would recom- 
mend that you contact the contractors or 
building associations in your region for 
advice as to your climate, soil, or other 
conditions to help you decide on one 
strategy or another. The Canada Mort- 
gage and Housing Corporation local 
offices will also be able to help. 
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Radon in Water 

Radon is found in the household water 
supply only when it comes from either a 
private or small community well-water 
system. Even then, the radon would tend 
to remain trapped in the water until it 
became unduly agitated, as in washing 
machines, or air-borne during showers. 
While high levels can be measured for a 
short period of time, the overall average 
will still be low if the other possible 
sources in the house are contributing 
only small amounts. Two approaches are 
considered successful at reducing radon 
in domestic water supplies. The first 
requires aeration by spraying or bub- 
bling. The second approach uses granular 
activated carbon to filter radon from the 
water and requires routine filter changes. 


There is no evidence of cancers caused 
if one drinks water containing large 
amounts of radon. This lack of evidence 
strongly suggests that the risk of cancer 
by this route is much less than that from 
inhalation. 


A Final Word 


It is hoped that this booklet has been 
helpful in increasing the reader’s under- 
standing of radon. The information pro- 
vided is a consensus of a considerable 
body of knowledge developed over the 
last ten years. Some of this knowledge 

is based on original Canadian research 
which was undertaken to protect uranium 
miners from excess exposure to radon. 
Research is now under way to try to 
separate the effects of radon from 
smoking as a cause of lung cancer. As a 
result some aspects of this booklet may 
become outdated with time. If you are 

in doubt about current views, or if you 
have any other questions, we strongly 
recommend that you consult your provin- 
cial health authority as identified on the 
pages that follow. 
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For More Information 


For more information on radon, you 
may contact federal and provincial 
government officials or seek out private 
contractors offering remedial action ser- 
vices. Federal government information is 
available from: Canada Mortgage and 
Housing Corporation, Research Division, 
682 Montreal Road, Ottawa, Ontario, 
K1A OP7, telephone 613-748-2306 or 
Canada Mortgage and Housing Corpora- 
tion publications at the same address. 


Provincial Offices Available to Answer 
Questions about Radon 


Medical and Hygiene Services 

Department of Labour 

Government of Newfoundland and 
Labrador 

Confederation Building 

St. John’s, Newfoundland 

AIC aly 

Tel: (709) 576-2644 


Department of Health and Social 
Services 

Division of Community Hygiene 

P.O. Box 2000 

Charlottetown, Prince Edward Island 

C1A 7N8 

Tel: (902) 368-4975 


Ministere de l’Environnement du Québec 

Direction générale des opérations 
(Secteur ouest) 

800, boul. de Maisonneuve, 12° étage 

Montréal (Québec) 

H2L 4L8 

Tel: (514) 873-4108 


Manitoba Energy and Mines 
Info Centre Division 

Eaton Place 

555-330 Graham Avenue 

Winnipeg, Manitoba 

R3C 4E3 

Tel: in Winnipeg call 945-4154 

From outside of Winnipeg 

Toll Free 1-800-282-8069 

(ask for Manitoba Energy and Mines 

Info Centre) 


Senior Radiation Health Officer 
Department of Health and Fitness 
P.O. Box 488 

Halifax, Nova Scotia 

B3J 2R8 

Tel: (902) 424-4077 


Radiation Protection Services 

Department of Health and Community 
Services 

P.O. Box 5100 

Fredericton, New Brunswick 

E3B 5G8 

Tel: (506) 453-2360 


Local Medical Officer of Health 
Ontario 


Radiation Health Section 

Occupational Health and Safety 
Community and Occupational Health 

4th Floor, Donsdale Place 

10709 Jasper Avenue 

Edmonton, Alberta 

F533 N3 

Tel: (403) 427-2691 
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Mines Pollution Control Branch 
Saskatchewan 

Environment and Public Safety 
800 Central Avenue 

12th Floor 

Prince Albert, Saskatchewan 
S6V 6G1 

Tel: (306) 953-2219 or 

in Regina call: 787-6113 (General 
Enquiry Number) 


Radiation Protection Service 

British Columbia Ministry of Health 
307 West Broadway — Suite 200 
Vancouver, British Columbia 

VSY IP9 

Tel: (604) 660-6630 


Consumer, Corporate and Labour 
Affairs Branch 

Department of Justice 

P40) Box: 2703 

Whitehorse, Yukon 

WAP 26 

Tel: (403) 667-5450 


Department of Health 

Government of the Northwest 
Territories 

P.O. Box 1320 

Yellowknife, Northwest Territories 

X1A 2L9 

Tel: (403) 873-7061 


Test Protocols 


Screening Test 

This test can be carried out by using a 
short-term integrating device for a few 
days or a few weeks, to be placed in a 
basement in a place as directed by the 
supplier. We recommend that you do not 
change the air circulation in the basement 
by closing off or otherwise modifying the 
space being measured. For your informa- 
tion, the average levels of radon in 
homes in measured cities in Canada is 
from 20 to 100 Bq/m;?. 


Result of Screening Test 

CBN esis Se a 
If the screening test is in this range, it is 
at the home-owner’s discretion either to 
take no further action or to retest. If 
there is a decision to retest, for measure- 
ments approaching the higher level of 
this range, retesting within 12 months is 
recommended. 


800 and over 


Retest within three months is recom- 
mended using a long-term integrating 
radon dosimeter for at least six months 
in living areas. 


Confirming Test 

Further testing is intended to confirm 
any short-term testing. While a second 
short-term test might be helpful for 
quickly resolving marginal levels, the use 
of a long-term integrating radon dosime- 
ter for at least six months in a living area 
is recommended. 


Result of Confirming Test 

0-800 Bg/m? 

If the confirming test is in this range, it 
is at the discretion of the home-owner 
whether any mitigation is undertaken. 
Before such mitigation is undertaken, the 
Department of National Health and Wel- 
fare recommends that both provincial 
health and housing officials be consulted. 


800 and over 


Initiate mitigation measures within three 
months to reduce level as low as practi- 
cable, but at least below 800 Bq/m? after 
consulting provincial officials as recom- 
mended above. 


Post-Mitigation Test 

The final step should be a six-month 
placement of a long-term integrating radon 
dosimeter to make sure that the mitiga- 
tion was successful. 


Should this test indicate that mitigation 
has not been successful, it should be 
repeated when additional remedial action 
is completed. 
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